Response surface methodology (RSM) was employed to study the effects of various medium components on biomass production by Lactobacillus rhamnosus E/N. This strain is commonly used in the pharmaceutical and food industries due to its beneficial effect on the human gut and general health. The best medium composition derived from RSM regression was (in g/l) glucose 15.44, sodium pyruvate 3.92, meat extract 8.0, potassium phosphate 1.88, sodium acetate 4.7, and ammonium citrate 1.88. With this medium composition biomass production was 23 g/l of dry cell weight after 18 h of cultivation in bioreactor conditions, whereas on MRS the yield of biomass was 21 g/l of dry cell weight. The cost of 1 g of biomass obtained on MRS broth was calculated at the level of 0.44 € whereas on the new optimal medium it was 25% lower. It may be concluded then, that the new medium, being cheaper than the control MRS allows large scale commercial cultivation of the L. rhamnosus strain. This study is of relevance to food industry because the possibility to obtain high yield of bacterial biomass is necessary step in manufacturing of probiotic food.
INTRODUCTION
Lactobacilli are members of the heterogeneous group of lactic acid bacteria (LAB) and many of them are used as probiotics. The main reason for the choice of these bacteria are their documented health benefits (11, 10) . By competing for adhesion sites and nutrients and producing antimicrobial substances, lactobacilli can decrease the levels of potentially pathogenic bacteria. Establishment of pathogens in the gastrointestinal tract is connected with the mechanism of biosynthesis of inhibitory substances. Another benefit from diet supplementation with probiotics is immunomodulation (9) .
Probiotics play a regulatory role in allergic diseases (20) .
Lactic acid bacteria contribute to relief of lactose intolerance symptoms. It has also been reported that probiotic LAB reduce LDL-cholesterol and are successfully used in the treatment and prevention of colorectal cancer (14) . ; E-mail: monika.kordowska-wiater@up.lublin.pl Biomass production by L. rhamnosus activity, have been increasingly applied in food supplements and novel pharmaceutical products. L. rhamnosus has been for many years added to new generation fermented food such as bioyoghurts (15) . This strain was also used as a probiotic culture in ice cream and cheese manufacture (4, 6, 25) , and was applied to fresh-cut apple wedges or to fruit juices for their fortification as an alternative probiotic food choice for consumers intolerant to dairy products (23, 26) . These strains are resistant to commonly used antibiotics, which is a good reason for their use simultaneously with antibiotic therapy (24) . For those reasons, the possibility of cheap and fast cultivation of lactobacilli is gaining in importance.
The growth activity of this genus is strictly connected with medium formulation because lactic acid bacteria are fastidious in their nutrient requirements (1).
Response surface methodology (RSM) can be used to evaluate the relative significance of several factors in the presence of complex interactions. It is a powerful technique for testing multiple-process variables because fewer experimental trials are needed as compared with the study of one variable at a time. RSM answers the question of how to select the levels for the applied factors to obtain the desirable, smallest or largest, value of the response function in a reduced number of experiments (12) . This technique includes primary screening of variables by the application of "one variable at a time" method or Plackett-Burman design (27, 21) as well as using a design for fitting the chosen model (19) . The most popular approach is based on full factorial central composite design (CCD), which enables one to estimate the coefficients of a second-order model.
In the present work, we used RSM to examine the effect of various carbon and complex nitrogen sources as well as growth factors in media on the yield of biomass of the probiotic strain L.
rhamnosus E/N. The aim of our study was to choose the best carbon and nitrogen sources and to compose a cheap medium for effective biomass concentration of L. rhamnosus E/N. The effect of the optimal concentration of a complex source of nitrogen was examined in modified MRS broth, in which yeast extract, meat extract and pepton K were used at different concentrations ( Table 1 ). The media prepared in tubes were pasteurized in a Koch apparatus (100°C) for 20 min. analysis of optical density (OD) was carried out. OD was measured at 600 nm using a Biorad spectrophotometer.
MATERIALS AND METHODS

Strain
Biomass concentration was determined using a standard curve of OD 600 against dry cell weight.
RSM experimental design
Plackett-Burman design was used in order to limit the number of the studied variables by choosing the media which influenced the biomass value to the largest extent. The results of the analysis of this design are presented in the form of a Pareto chart.
Central composite design was chosen to estimate the response calculated according to the following form of a second degree polynomial equation (7):
where Y is the predicted response variable, β 0 is the interception, β i are linear coefficients, β ii are quadratic coefficients, and β ij are coefficients of the interaction. X i and X j represent the chosen independent variables. Each variable was set at a low and a high level. The low level was fixed far from the high one in order to differentiate the influence of the media on the biomass production. As a consequence, the minimum value obtained as a star point was set at zero (21) .
The results of the analysis of this design were expressed in terms of polynomial coefficients, and the significance of the model was verified by applying the ANOVA analysis. analysis.
RESULTS
Preliminary tests
First, screening experiments were performed to evaluate the efficacy of the different kinds of carbon sources on the 
Central composite design
Variables such as glucose + pyruvate (X 1 ), meat extract (X 2 ) as well as organic and inorganic salts (X 3 ) were chosen for further studies on the basis of the results of the analysis of Plackett-Burman design (Table 2) , which are presented in the Pareto chart (Figure 2 ) as the absolute values of effect estimates. The increase in the values for these media influenced biomass production the most, compared to the other media.
X 1 , X 2 and X 3 were used as independent variables in the 2 3 full factorial central composite design containing low and high levels of variables, six star points with α=±1.68 and the same number of replicates at centre points ( Table 3) .
The following regression function describing the relationships between the chosen media and biomass Biomass production by L. rhamnosus production was obtained as a result of CCD analysis: Lactobacillus biomass was obtained on the optimal medium. After 24 h of cultivation dry cell weight was 24 g/l (Fig. 6) . Meat extract had a great positive effect on the growth of the examined bacteria, whereas the effect of yeast extract, and pepton K was slight and similar. We took into consideration the fact that meat extract contains a larger amount of total nitrogen (12% w/v) than YE (10% w/v) (8) and the fact that some authors recommended adding ammonium salts (13, 29) and citrate (2) into the medium as they increased the yield of biomass production, so meat extract and organic and inorganic salts (potassium phosphate, sodium acetate, and ammonium citrate) were selected for further analysis.
An increase in NaCl and, to a lesser extend, microelements had a negative effect on biomass production. Biomass production by L. rhamnosus
The shapes of the response surface plots presented in In view of the above, the lower costs of the new, optimal medium developed in this study and the high biomass concentration of the examined Lactobacillus strain grown on this medium could be of potential practical value to industry.
